Summary: Morphological study of the lower limb muscles is necessary for the analysis of muscle function and its relation to the aging process. In this study, we measured the muscle weight and the muscle fiber morphometry (cross-sectional area and total number of muscle fibers at the muscular belly, and muscle fiber size) of the human lower limb in an adult Japanese cadaver (male, 58 years old). The results presented here can provide the normal control data to elucidate the aging process of the human lower limb muscles. The morphological features in the human lower limb muscles were the pronounced enlargement of the gluteus maximus in the hip, the vasti muscles in the thigh and the soleus in the leg.
The morphological features of the skeletal muscles are in direct correlation with their function. Differences in weight, numbers and sizes of fibers in each muscle depend on muscle activity. Therefore, the analysis of such elements can be useful to explain muscular functions. There have been several reports on the greater weight of the gluteus maximus, vasti and soleus muscles in comparison with the other muscles in the human lower limb (Ishida, 1972; Ito, 1996; Ito et al., 1998) . Measurement of the muscle morphometry was conducted on several muscles in the lower limbs (Hasegawa, 1987; Kataoka, 1987; Oohara, 1991; Kobayashi, 1991) . Data on muscle weight and muscle fiber size in the lower limbs from one single normal subject is indispensable to elucidate the correlation between skeletal muscle morphology and function during the aging process. However, such data have not been published, as far as we know, although age-related changes have been observed on subjects aged 60 years and over (Kimura et al. 2002) . This study is the first to have been carried out on a 58 years-old subject.
Material and Methods
Muscle samples were obtained from the right lower limb of a Japanese male cadaver (58 years old) at the anatomical laboratory of Showa University School of Medicine. The cause of death did not indicate the presence of neuro-muscular diseases or diseases affecting the central nervous system. It must be added that the patient had not been reported to be bedridden prior to death. After measurement of the muscle weight, blocks of muscle were embedded in celloidin (Shiojirin, Showa Ether Co. Japan). They were then sliced into 20 mm thick and stained with haematoxylin and eosin (HE). We measured the cross-sectional areas and total numbers of muscle fibers at the muscular belly, as well as muscle fiber sizes. The total number of muscle fibers in the muscle belly was calculated by multiplying the cross-sectional area of the transverse section through the muscular belly by the number of muscle fibers per square millimeter. The muscle fiber size was calculated as the average transverse area of about 200 muscle fibers. The shrinkage was about 8-9% in length (Shibata et al. 1996) .
Results
The muscle weight and muscle fiber composition are shown in Tables 1 and 2. Muscle weight (Fig. 1) :
The gluteus maximus showed the largest weight (573.4 g) and the plantaris the smallest (3.2 g ). The largest muscle in each segment was the gluteus maximus in the hip muscles, the adductor magnus (452.6 g) in the thigh muscles and the soleus (210.5 g) in the leg muscles.
Cross-sectional area at the muscular belly ( Fig. 2) :
The gluteus maximus (4,842.0 mm 2 ) was the largest, followed in decreasing order by the adductor magnus (2,687.9 mm 2 ), the vastus medialis (1,650.0 mm 2 ), the gluteus medius (1,489.8 mm 2 ), the vastus lateralis (1,246.0 mm 2 ) and the soleus (1,195.8 mm 2 ). The plantaris (59.7 mm 2 ) was the smallest.
Total number of muscle fibers at the muscular belly ( Fig. 3) :
The gluteus maximus (4,110,858) had the most, followed in decreasing order by the adductor magnus (1,403,084), the gluteus medius (1,302,085) and the vastus medialis (1,006,500). The plantaris (81,013) was the smallest in number.
Muscle fiber size (Fig. 4) :
The soleus (2,669.9 mm 2 ) was the largest (Fig.  5A) , followed by the adductor magnus (2,219.8 mm 2 ). The gracilis (487.0 mm 2 ) was the smallest (Fig. 5C ). The gluteus maximus (992.9 mm 2 ) was moderate (Fig. 5B ) and the iliopsoas (508.9 mm 2 ) was rather small. The quadricep muscles were relatively large. The biceps femoris long head (1,620.6 mm 2 ) and the semimenbranosus (1,255.7 mm 2 ) were larger compared to the other hamstring muscles.
Discussion
Age-related decrease of the number of muscle fibers and their size in the tibialis anterior has been observed in subjects aged 60 years and over (Kimura et al. 2002) . In this study, we measured muscle weight and muscle fiber size in a 58-year-old subject. Therefore, the present results can provide normal control data on the muscle fiber size to elucidate the aging process and functional recovery of human lower limb muscles.
The principle characteristic of human locomotion is erect bipedalism and the muscle activity patterns during bipedal walking have been represented in electromyographic studies (Basmajian, 1985; Stern, 1988) . Muscles with larger mass and fiber size play the most important role in joint movements.
In the gluteal muscles, the gluteus medius and minimus are used during most of the stance phase; the gluteus maximus is used very little during that phase (or, indeed, during the whole walking process). These activities are reflected in the smaller muscle fiber size of the gluteus maximus, compared to that of the gluteus medius and minimus.
The iliopsoas acts to produce the flexion of the hip joint needed to bring the swinging limb forward. This action does not seem to need a powerful force, because, as mentioned above, the iliopsoas muscle fibers are relatively small in size. This had also been reported earlier (Hasegawa, 1987) .
The vasti muscles act during the early part of the stance phase to prevent knee flexion. At this phase, the hip joint enacts the extension movement but the rectus femoris does not contribute to it. Those two actions are mirrored in the fiber size of the muscles: large for vasti muscles, which are one-joint muscles, and smaller for the rectus femoris, which is a twojoint muscle (Kobayashi, 1991 The hamstring muscles act, along with the gluteus maximus, to prevent the forward momentum of the trunk at the hip joint. The biceps femoris (long head) and semimembranosus were largest of the hamstrings (Oohara, 1991) . This is consistent with their important contribution to the act of walking.
---------------------------------------------------------------

The triceps surae activate the plantarflexion of the ankle during the latter half of the stance phase, and need powerful force to exert antigravity against body weight. Among these, the soleus showed the largest muscle fiber size, as befits its role as the main functional muscle for plantarflexion at the ankle.
As for the tibialis anterior, it functions as a dorsiflexor during the swing phase. The load during the dorsiflexion phase is only the weight of the foot. Powerful force is therefore not required, and the muscle fiber size in the tibialis anterior is moderate. However, it is considered that, in spite of its moderate fiber size, degeneration of the tibialis anterior causes stumbling during walking.
This morphometric data contributes to the development for further research in the field of kinesiology and myology. 
